Yeast cells, Candida utilis, in water suspension and in the absence of electrolytes were found to be very sensitive to several proteins of moderate size, including ribonuclease, protamine, lysozyme, bovine serum albumin, cytochrome c, and myoglobin. Viability ceases rapidly, and ultraviolet-absorbing compounds (260 m,u) and the amino acid pool are released into the medium. The ultraviolet-absorbing material appears to be the nucleotide and coenzyme fraction usually extracted by 0.2 N perchloric acid at low temperature. The ribonucleic acid fraction remains in the cell ghosts and can be released by ribonuclease. The enzymatic properties of some of these proteins have no relation to their damaging effect on the cell membrane. Poly-L-lysine shows the same activity.
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In earlier reports (1, 2, 13, 14) the effect of ribonuclease on yeast cells has been described: viability ceases, and intracellular constituents of low molecular weight are released in a nonspecific way. The action of the enzyme occurs in two steps. First, lesions are inflicted on the membrane; this causes leakage of cytoplasmic constituents and permits the enzyme to penetrate into the cytoplasm. Second, the enzyme degrades intracellular ribonucleic acid (RNA) to fragments that are sufficiently small to escape into the suspending medium.
The present report is concerned mainly with the first step, the action on the yeast cell membrane. It was observed that a threshhold existed for ribonuclease action. The cellular membrane and the ribonuclease were presumably of opposite charge under these conditions, which suggested that perhaps part of the enzyme was bound relatively nonspecifically, and that this threshold might be abolished by treatment with other basic proteins. Experiments to test this line of reasoning quickly demonstrated, however, that many proteins are capable of duplicating the first stage of the action of ribonuclease on yeast cells under the appropriate conditions. Interaction of these proteins with the cell membrane causes rapid release of the nucleotide fraction and of the amino acid pool. Candida utilis was found most suitable for these experiments.
In the past, nonenzymatic effects of proteins on the yeast cell membrane have received little or no attention. A study of their action promises information on the properties of the cell surface and an explanation of several earlier observations of ribonuclease effects on yeast cells (13, 17) .
MATERIALS AND METHODS
C. utilis ATCC 9950 was used. Its culture, harvest, washing, and storage have been described earlier (1, 13, 14) . Water suspensions of 2.0 mg of cells (moist weight) per ml were used. Incubation with ribonuclease or with the other proteins was carried out usually at 30 C in the absence of added salts or buffer. Chromatographically purified samples of ribonuclease were converted to their more active forms by heating their water solutions (1.0 mg per ml) at 70 C for 10 min, followed by rapid cooling in ice (13) . Other proteins were examined in water solution without pretreatment except for bovine serum albumin which required the presence of 0.008 M acetic acid for significant activity. The quantities of protein added to the cells usually ranged up to 100 ,ug per ml of suspension, and the incubation time was 30 min, unless otherwise noted. After centrifugation, the absorbancy of the supernatant fluid was measured at 260 m,u. Controls without added extraneous protein or enzyme were included in the experiments to correct for spontaneous leakage of cytoplasmic constituents from the cells. C. utilis offers the advantage over Saccharomyces cerevisiae and other organisms in that it shows very little leakage of cytoplasmic constituents when suspended in water (13 (13) ; 0, protamine (salmine); K, cytochrome c (horse heart); and i, lysozyme (egg white). ( Fig. 2) , even in the presence of 0.008 M acetic acid. Microscopic observation of the cells after exposure to the active proteins gave the same picture of intracellular disarray that has been reported for ribonuclease-treated C. utilis (1), and the same rapid penetration of stains into the cells was observed in the present experiments.
For classification of the compounds released, the cells were subjected to perchloric acid extraction as specified by Ogur and Rosen (10) . In this procedure, the cell membranes first are rendered permeable by treatment with alcohol and ether. Thereafter, cold 0.2 N perchloric acid is used to extract the nucleotide and coenzyme fraction; this is followed by cold 1.0 N perchloric acid which extracts cellular ribonucleic acids. Treatment with hot perchloric acid yields both fractions and deoxyribonucleic acid. In the present study, protamine was chosen to examine the nonenzymatic action that is observed with various proteins. The results of various sequential combinations of perchloric acid, protamine, and ribonuclease treatment are shown in Fig. 3 here, whereas the other proteins were strongly impeded in their action on the membrane. Striking differences were also observed in regard to the temperature coefficient of action (Fig. 5) ; for example, ribonuclease showed no effect at 0 C.
The viability of the cells was affected greatly; it ceased after exposure to a level of protein that caused near maximal release of ultravioletabsorbing compounds (Fig. 6 to 8 ). This release, a Cells (2.0 mg wet weight per ml of water) were exposed to the proteins for 30 min at 30 C. For full expression of the activity of bovine serum albumin, 0.008 N acetic acid was present in the incubation; a separate control experiment with 0.008 N acetic acid is included. After centrifugation, the supernatant fluids were analyzed by spectrophotometry and by ninhydrin assay (18 however, is not a prerequisite for lack of viability. In Fig. 6 , the low efficiency of the unheated ribonuclease is contrasted with the high effect of the preheated preparation in releasing ultravioletabsorbing material from the cells. The effect of viability, however, was the same for both preparations. The enzyme is adsorbed on the cells (1), and it may be that a less active form of the enzyme was converted, during plating and incubation, into an active form. A series of plating experiments with bovine serum albumin in 0.008 acetic acid (not illustrated) gave results virtually identical with those shown for protamine in Fig. 7 . Somewhat different results were obtained with cytochrome c (Fig. 8) ; about 20% of the cells proved resistant in viability tests, and a corresponding percentage appeared unaffected as judged by microscopic examination. Myoglobin, however, was highly effective both in the release of ultraviolet-absorbing material and in arresting viability (Fig. 8) .
The experiments with myoglobin and cytochrome c permitted determinations of the quantity of protein that is adsorbed on the surface of the yeast cells. For Salient features of the experiments described here were: the diversity of the proteins capable of inflicting cellular damage, the lack of known enzymatic activity of some of them, and activity of others that is not usually correlated with components of the yeast cell membrane. This indicated that the action described here was nonenzymatic, and the question arose whether a particular structural feature common to all of these proteins, or physical factors only, were responsible for the interaction with the membrane.
For a decision between these alternatives, experiments with a nonbiological, protein-like compound, poly-L-lysine of molecular weight 3,000 (8, 15) , were carried out. Figure 9 shows that the material released ultraviolet-absorbing cellular constitutents in a fashion closely resembling that of the natural products. There was a threshold of activity in that no significant effect was achieved with 5 Mug of poly-L-lysine per milliliter. The amino acid lysine itself was found inactive as were ammonium ion, asparagine, serine, DL-alanyl-DL-methionine, glutathione, and spermine. Plating of the cells after exposure to poly-L-lysine showed a rapid decline in viability with increasing concentrations of this polypeptide (Fig. 10) . Very little effect was noted with poly-L-proline (molecular weight 10,500) in a concentration up to 50 Mig per ml.
DISCUSSION
The present experiments indicate that the effect of ribonuclease on the yeast cell membrane (1, 2, 13, 14) is not a typical enzymatic ribonuclease action; this effect is exerted by several other proteins as well, notably, protamine, bovine plasma albumin, lysozyme, cytochrome c, myoglobin, and even the protein-like poly-Llysine. Not all proteins damage the yeast cell membrane; for example, human y-globulin was without measurable effect.
The concentrations needed to produce the typical effects on yeast cells were similar to those used in experiments with ribonuclease. The comparison of the cytoplasmic discharge caused by protamine with the stepwise acid extraction procedure of Ogur and Rosen (10) showed the material which leaked from the cytoplasm to be identical with the products extracted by cold 0.2 N YPHANTIS, DAINKO, AND SCHLENK perchloric acid (nucleotide and coenzyme fraction). Subsequent application of ribonuclease led to the same result as cold 1 N perchloric acid, which extracts RNA components. This second step of ribonuclease action was a typical enzymatic effect; it was not shown by the other proteins examined here. The spontaneous seepage of autolytic ribonuclease fragments into the medium was slow in comparison with the hydrocytic action of ribonuclease.
The mechanism by which these proteins affect the yeast cell membranes is not yet understood. Bacteriostatic and bactericidal action of protamine (3, 5, 9) and of poly-L-lysine (8, 15) has been noted earlier, but the release of cytoplasmic constituents has apparently not yet been recorded. The killing effect of protamine was considered similar to a detergent action (3). The sporadic instances in which similar effects of ribonuclease have been recorded in the literature (6, 7, 11, 16) All the active proteins exhibit effects on the yeast membrane when below or near their isoelectric points. It may be that the positively charged groups on the proteins combine with negative charges on the membrane surface and cause a distortion of the membrane with ensuing lesions. In the presence of cations, this interaction is strongly inhibited except in the case of protamine and bovine serum albumin.
C. utilis proved particularly suitable for the present studies. The reason may be that its culture in glucose and salt medium leads to sufficiently acid conditions to yield cells which, after repeated washing, are free of cations on their surface. The binding sites on the cell surface are not readily replenished by leakage of cytoplasmic cations, because C. utilis, in contrast to many other organisms, is very retentive in water suspension. The protective action of salts and other compounds present in all culture media, and of buffer solutions commonly used for suspending microorganisms for experimentation, offers an explanation why protein effects of the type recorded here have eluded observation in the past in most instances.
The importance of the present observations lies in the prospect of using various proteins for an exploration of the cell surface, determination of the pore size of the yeast cell wall, and further study of protein interactions with the cell membranes. For yeast cells, the exposure to suitable proteins offers the possibility of selective extraction of cytoplasmic constituents. An extension of the present techniques to other microorganisms is in progress.
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